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Nowadays, the understanding of the impact of social media and online news media on the emergence of 
extreme polarization in political discourse is one of the most pressing challenges for both science and 
society. In this study, we investigate the phenomenon of political polarization in the indonesian news 
media network  based on the pattern of news consumption patterns of Twitter users during  2019 
Indonesian elections. By modeling news consumption patterns as a bipartite network of news outlets-
Twitter user, and then projecting to a network of news outlets, we observed the emergence of a number 
of media communites based on audience similarity.  By measuring the political alignments of each news 
outlet, we shows the politically fragmented Indonesian news media landscape, where each media 
community becomes an political echo chamber  for its audience.  Our finding highlight the  important role 
of mainstream media as a bridge of information between  political echo chamber in social media 
environment.  
 




The outbreak of extreme partisan attitudes in various democratic countries has been the problem of this 
century [1]. This phenomenon cannot be separated from the rise of digital technology, social media and 
online news media, which makes it easier for citizens to obtain and discuss political information [2]. On 
the one hand, digital technology increases the chances of individuals being exposed to information from 
a variety of perspectives [3]. But on the other hand, mediation and personalization of information by social 
networks also has the potential to limit exposure to only information that is politically agreed upon [4], 
giving rise to misperceptions of facts and events [5] and leading to the emergence of increasingly extreme 
political attitudes [6]. 
Confirmation bias and selective exposure are two important factors behind the dynamics of information 
consumption on social media [7]. A number of studies have shown empirically the tendency of social 
media users to focus on specific narratives, and interact intensively with those who have the same political 
preferences [8]–[10]. This micro tendency may lead  to the emergence of echo-chambers [7], [11]  that 
divide  the social media space into politically homogeneous user communities [12]. In each community, 
users tend to ignore dissenting information and to interact with information adhering to their preferred 
narrative. The study of digital echo-chamber phenomena is quite challenging [7]–[12]. However, most of 
research in this area examine fragmentation and polarization in user networks. Meanwhile, empirical 
works to investigate information segregation due to fragmentation of information sources is constrained 
by the difficulty of measuring the political tendencies of the news media [13].  
In network perspective, the dynamics of information consumption on social media is basically the process 
of network formation that connects readers and information sources (e.g. web, blogs, online media, etc.) 
through various means, e.g. browsing, sharing and others. Therefore, in this study, to gain a better 
understanding about information echo-chamber and its polarization effect, we will explore the anatomy 
of media network constructed from news consumption activity on Twitter during 2019 Indonesia election. 
Specifically, we analyzed 667,821 election-related tweets to investigate the phenomenon of polarization 
of the news media in Indonesia, as well as explore the role of each news outlet in the dynamics of news 
consumption during the election.  This paper is written with the following structure: data and analysis 
methods will be discussed in sections two and three of this paper, while in section four we discuss the 
results of the analysis based on the objectives of this study. Conclusions and contributions of the study 
are discussed at the end of this paper. 
2. Data 
This study investigates news consumption patterns on Twitter during the 2019 Indonesian presidential 
and legislative elections.  We conducted the data collection process from  March 27 to May 19,  2019, 
covering the campaign period, elections (17 April 2019), the vote recapitulation and announcement 
period (21 May 2019).  We use DMI-Tcat application [14] to extract data from Twitter  based on a number 
of keywords related to the candidates, namely: (i) Candidate I (Prabowo - Sandiaga Uno): prabowo, 
sandiaga uno ; (ii) Candidate II (Joko Widodo - KH. Maaruf Amin): joko widodo, jokowi, maaruf amin, kiyai 
maaruf.   
In this study we only focused on 667,821 of total 13,990,975  tweets, which contained news links from 
559 Indonesian news media, and were shared at least ten times by Twitter users (see Table SI 1). Figure 1 
shows 10 most popular media during the election. From this figure we know that mainstream news outlets 
dominate the Indonesian political news market on Twitter.  
 
 




3.1 Bipartite Network 
News consumption activities on social media form patterns of information exposure that can be modeled 
as a bipartite network between Twitter users and information sources. The user-media bipartite network (𝑆) is composed of two type of nodes, namely user node (𝑛𝐴 = 115,621) and news outlet node (𝑛𝐵 = 559). 
Each edge (𝑛𝑒 = 466,542) connecting two nodes indicates that user 𝑎𝑖  (𝑎𝑖 ∈ 𝐴) consumes news, which is 
expressed through sharing or retweeting, from outlet 𝑏𝑖 (𝑏𝑖 ∈ 𝐵).  To explore connectivity patterns among 
news outlets, we project  bipartite network 𝑆 into news outlet network ?̂?, where edge weight indicates a 
number of shared audience between these outlets. In this study, we focus on the largest connected 
component of weighted network ?̂?, which is composed of 559 media nodes and 55,662 edges.  
Table 1 shows that the projection network has a fairly dense structure (density = 0.35). Therefore we need 
to evaluate significance of each edge and filter out random interaction between reader and news source. 
In this study we use the method proposed by [15], which has been proven effective for investigating 
bipartite systems in various areas, from biological, financial to social systems. Specifically, we attach p-
values at each edge of the projection network, then apply multiple hypothesis testing using a statistical 
threshold value of 0.01, and then make moderatly corrections using False Discovery Rate method ( FDR) 
[16].  




# of node 559 528 
# of edge 55,662 27,192 
Diameter 3 6 
ave.path length 1.64 1.953 
Density 0.35 0.195 
 
3.2 Community Structure 
In this study we use Fast Greedy algorithm [17] to analyze the meso structure of projection network ?̂?. To 
validate the results, we also implemented the Walk Trap algorithm [18], then compared the results of  
both algorithm using adjusted rand index method [19]. We find the adjusted rand coefficient is 0.8 , which 
indicates that two algorithms produces similar result.   
Table 2 Descriptive statistics of community partitions using the Fast Greedy algorithm 
Statistics Fast Greedy 
# of community 5 
Modularity 0.256453 
# node in  cluster 1 202 
#node in cluster 2 313 
# node in other clusters 13 
 
3.3 Political stance of online news media  
We need to measure political stance of news outlets in order to investigate political polarization that 
occurs in media networks during the elections. In this study the media stance was identified based on 
partisan behavior of their audience, assuming that people tended to be selective about information, i.e. 
only reading and sharing news articles in accordance with their political preferences. Following [20], the 
process of media classification is carried out in 3 stages, as follow: (i) Hashtag-based user labeling: 1400 
political hashtag associated with certain political groups are used to identify the political affiliations of 
these hashtag users (see Figure SI1).  At this stage, we successfully identified 153,990 labeled users, which 
will then be used as seed nodes for the label propagation algorithm at later stage.; (ii) Network-based user 
labeling: at this stage we apply Label Propagation algorithm to expand the number of labeled users (see 
Table SI2) [21], [22]. We have successfully identified political affiliation of 388,253 Twitter users, with 
prediction accuracy of 98% (see Table SI3); (iii) Media classification: we use polarity rule [12] to identify 
media stance based on the political affiliation of their audiences. Table 3 shows classification result of 559 
news outlets in Indonesia.  
Table 3 Descriptive statistics of media stance during election 
 # news outlet  # Share # Users 
Pro-Joko Widodo 347 373,932 39,806 
Pro-Prabowo 212 404,058 61,966 






4.1 News consumption patter 
The current disintermediated environment composed by a heterogeneous mass of information sources, 
on the one hand, has reduced the centralization of information, which is a characteristic of information 
consumption patterns in the previous era [23]. But on the other hand, it may lead to the emergence of 
audience fragmentation into various groups of information sources [24]. The distribution of readers in 
Figure 2 shows that people tend to interact with a few news outlets, despite the availability of various 
alternative news sources. Naturally, this may lead to a wider-but-fragmented landscape of information 
sources, where news outlets are grouped based on audience similarity.  
 
Figure 2  The number of news media consumed  by twitter users. 
 
4.2 Segregation in media network 
We implement a community detection method on media network to identify media clusters emerged 
from news consumption activities on social media. The network decomposition process using the Fast 
Greedy algorithm (see Table 2) revealed the presence of 5 media communities, where there were two 
very dominant clusters, covering 98% of total news outlets analyzed. Table 4 shows a number of 
mainstream news outlets in these two dominant communities.   
Tabel 4 The mainstream news media in the two dominant communities.  
Alexa rank [25] is used as a proxy for credibility of news media 
No Community 1 Media Rating Community 2 Media Rating 
1 tribunnews 42 okezone 22 
2 detik 84 liputan6 133 
3 kompas 132 grid 148 
4 suara 299 sindonews 154 
5 kumparan 321 idntimes 323 
 
The media network has a high modularity value (M = 0.25), which is  indicates  the  presence of  
information sources segregation in the Indonesian media network during the elections.  Considering that 
the grouping of news outlets reflects the preferences of audience over news sources, we need to measure 
the extent of polarization between the two media communities, as follow [26], [27]: 𝑝(𝑢) =  𝑦−𝑥𝑦+𝑥    (1) 
where y (x) is a fraction of twitter users who share news tweets from outlets in media community 𝐶1(𝐶2). 
Figure 3 shows the presence of strong bimodality in the distribution of news audience activity in each 
community.  This indicates that each media community is an echo chamber for their respective audiences, 
that is a groups of like-minded people cooperating to reinforce a shared narrative. 
 
Figure 3 Audience segregation 
4.3 Political polarization 
To understand the relationship between segregation in media networks  and the political alignments of 
news media  during  the elections, we elaborate the composition of partisan media in the two dominant 
media clusters. As shown in table 5, based on the cross reference between the political valence of news 
outlets in table 3 and the media community in table 4, the composition of the partisan media in each 
community tends to be politically homogeneous.  This fact confirms the occurrence of political 
polarization in Indonesian media networks. Table 4 also shows that Joko Widodo-leaning media has a 
stronger tendency to group in the same cluster than Prabowo-leaning media, while news outlets with 
moderate political stance are relatively small in number and spread evenly in two dominant clusters.  
Table 5  Composition of partisan media within each media community 
Political allignment Cluster I Cluster II 
pro-Prabowo 0.837 0.045 
Neutral  0.089 0.028 
pro-Joko Widodo 0.074 0.927 
 
Figure 4 visualizes the political polarization of Indonesian news media during 2019 Presidential Elections. 
As seen in the figure, the structure of media network is divided into two dominant clusters, each with a 
relatively homogeneous political identity. This shows that the pattern of news consumption in 2019 
Indonesian elections is not only fragmented, but also forms a political echo-chamber where audiens tend 
to be exposed to politically homogeneous information coming from news outlet with the same political 
tendencies.  
 Figure 4 Political polarization in Indonesian news media networks during 2019 Presidential Elections 
 
4.4 Interaction across political communities 
We then elaborate on empirical facts about interactions between news media across political affiliations 
[20]–[22], [26]–[28]. Figure 5 shows the statistical characteristics of interaction between news outlets, 
intra and inter media communities. In general, the Indonesian news media network shows homophily 
properties, where news outlets with the same political stance tend to be connected to each other (Joko 
Widodo-leaning media: median = 0.842, IQR = [0.809, 0.873]; Prabowo-leaning media: median = 0.543, 
IQR = [ 0.514, 0.577]). In general, this characteristic is stronger for Joko Widodo-leaning media than 
Prabowo-leaning media. Furthermore, the interaction tendency from Joko Widodo-leaning media to 
Prabowo-leaning media (median = 0.045, interquartile distance (IQR) = [0.0023, 0.064]) is much smaller 
than the opposite (median = 0.306, IQR = [0.273, 0.323] ).  Meanwhile, interactions tendency from 
moderate news media partisan media are almost equal (pro Joko Widodo: median = 0.425, IQR = [0.345, 
0.527]; pro Prabowo: median = 0.438, IQR = [0.302, 0.538 ]).  
 
Figure  5  Statistical characteristics of interaction between news outlets, intra and inter political affiliations. White vertical lines 
are median values, horizontal thick lines are interquartile ranges, and black thin horizontal lines are 10th and 90th percentile 
values. 
The Statistics of interaction between media across political affiliations indicate that information exposure 
to Joko Widodo's supporters is relatively more homogeneous, coming from news outlets with the same 
political affiliation, compared to information exposure to Prabowo's supporters. This can be understood 
by looking at the composition of partisan media in each media community. Moreover, as discussed in 
previous studies [20], the Prabowo-leaning media is dominated by segmented news media, such as the 
Islamic news portal (e.g. eramuslim, portal-islam, republika) and opposition  media (e.g. viva, rmol, gelora 
etc.), while mainstream media tends to be neutral or in favor of Joko Widodo.  As a result, Prabowo's 
supporters tend to be exposed to information coming from the pro-Joko Widodo news media, but not 
vice versa. 
 
4.5 News media centrality 
We further investigate the role and position of each news outlet in the information ecosystem during the 
2019 Indonesian elections. We use two indicators, namely within module degree z-score (𝑧𝑖) and  
participation coefficient (𝑃𝑐𝑖 i) [29], to measure the role of a news outlet based on its relations with other 
outlets within or between media communities. The within module degree z-score (zi)  measures 
connectivity of a news outlet in its community internally, as follow: 𝑧𝑖 =  𝑘𝑖−?̅?𝑠𝑖𝜎𝑘𝑠𝑖   (2) 
where 𝑘𝑖 is the degree of news outlet 𝑖 within the cluster 𝑠𝑖, ?̅?𝑠𝑖  is the average degree of all media in 
cluster 𝑠𝑖, and 𝜎𝑘𝑠𝑖 is the standard deviation of degree k in cluster 𝑠𝑖. The greater the value of 𝑧𝑖, the higher 
the connectivity of outlet  i relative to other outlet in its community.  Meanwhile, cross-cluster node 
connectivity is evaluated using the participation coefficient (𝑝𝑐𝑖) indicator, as follows: 𝑃𝑐𝑖 = 1 − ∑ (𝑘𝑖𝑠𝑘𝑖 )2𝑀𝑠=1   (3)  
where 𝑘𝑖𝑠 is the number of relation  of outlet 𝑖 to other outlets in cluster s. Value 𝑃𝑐𝑖~0 if outlet 𝑖 is only 
connected to the outlet in its group only. Conversely, the value of 𝑃𝑐𝑖~1 if the relation of an outlet is 
evenly distributed in all clusters. 
 
Figure 6 The role of news outlets within the z-P space: (R1) ultra-peripheral nodes (𝑧 < 2.5, 𝑃 ≤ 0.05); (R2) peripheral nodes (𝑧 <2.5, 0.05 ≤ 𝑃 ≤ 0.62); (R3) non-hub connector (𝑧 < 2.5, 0.62 ≤ 𝑃 ≤ 0.8); (R4) non-hub kinless nodes (𝑧 < 2.5, 0.8 ≤ 𝑃); (R5) 
provincial hubs (𝑧 ≥ 2.5, 𝑃 ≤ 0.3); (R6) connector hubs: (𝑧 ≥ 2.5, 0.3 < 𝑃 ≤ 0.75); (R8) kinless hubs: (𝑧 ≥ 2.5, 𝑃 > 0.75). 
The combination of the two indicators forms 7 regions of node roles within z-P parameter space, as shown 
in Figure 6. Based on the position of news outlets in the z-P parameter space it is known that ~96% of 
news outlets are ultra-peripheral (R1) or peripheral nodes (R2), or low degrees nodes with little or no 
cross-cluster connection. The remaining media fills the R5 region as a provincial hub (R5), namely news 
outlets that have high centrality within its own cluster, or as connector hubs in the R6 region, namely 
news outlets that have high connectivity to all clusters. 
Table 6 Descriptive statistics of the news media role during election. Media rating is based on Alexa rank [25] 
Region News outlets # of  outlet Political composition (%) Median  rating  
1 Kapanlagi, indosport, time, apnews, 
voanews, thejakartapost, foreignpolicy, 
cgtn, paperform, historia 




2 grid, suara, brilio, kompasiana, bolasport, 
cnbcindonesia, wowkeren, dream, bola, 
abc 








6 Okezone, tribunnews, detik, kompas, 
liputan6, sindonews, kumparan, idntimes, 
merdeka, tempo 





How partisan news outlets populates the R5 and R6 regions reveals differences in the characteristics of 
information echo-chamber of the two candidates. As shown in table 6, there are only two news outlets in 
the R5 region, and both are Prabowo-leaning media. This means that gelora and rmol are central outlets 
within the  information echo-chamber of Prabowo's supporter.  However, this also implies that Joko 
Widodo's supporters have diverse sources of information. In general, the Joko Widodo-leaning media, as 
well as moderate media, dominate the R6 region as a connector hubs, which means that these outlets  are 
consumed by supporters of both candidates. The fact that news outlets in the R6 region have low Alexa 
Rank highlights the important role of mainstream news media as a bridge of information between 
opposite political sides, especially in heated election.  
 
5. Conclusion 
In this study we reveal empirical facts about political polarization  in indonesian news media network 
during 2019 elections.  By modeling news consumption patterns as a bipartite network of news outlets-
Twitter user, and then projecting to a media network, we observed the emergence of a number of media 
communites based on audience similarity.  By measuring the political alignments of each news outlet, we 
shows the politically fragmented Indonesian news media landscape, where each media community 
becomes an political echo chamber  for its audience.  More specifically  we find that, compared to the 
Prabowo media cluster which tends to be centralized in a small number of outlets, Joko Widodo's 
supporters have diverse sources of information. However, information exposure to Joko Widodo's 
supporters is relatively more homogeneous coming from the media with the same political affiliations.   
Nowadays, the understanding of the impact of social media and online news media on the emergence of 
extreme polarization in political discourse is one of the most pressing challenges for both science and 
society. Our finding highlight the  important role of mainstream media as a bridge of information between  
political echo chamber in social media environment.  
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Supplementary Information  
 
SI 1. Data 
Table S1 Descriptive statistics of the 2019 Indonesian Election tweet dataset 
Statistics Count 
# of tweets 13990975 
# of tweets with a Url 667821 
# of hashtags 74515 
# of unique users 3958817 
 
SI 2. Hashtag 
We manually label 1400 of the total 74515 hashtags recorded in the dataset, which is 700 hashtags for 
each candidate, and has been used by at least 10 different users.  User political affiliation is calculated 
using the polarity rule as follows [12]: 𝑉(𝑢) = 2 𝑡𝑓(𝑢,𝐶𝑜)𝑡𝑜𝑡𝑎𝑙(𝐶𝑜)𝑡𝑓(𝑢,𝐶𝑜)𝑡𝑜𝑡𝑎𝑙(𝐶𝑜)+ 𝑡𝑓(𝑢,𝐶1)𝑡𝑜𝑡𝑎𝑙(𝐶1) − 1  (1) 
where 𝑡𝑓(𝑢, 𝐶𝑜 is the frequency of users using the hashtag 𝐶𝑜, with the total frequency of hashtag usage 
is 𝑡𝑜𝑡𝑎𝑙(𝐶𝑜).  Political valence 𝑉(𝑢) is in the range −1 ≤ 𝑉(𝑢) ≤ 1. We use a threshold value of ± 0.2, 
where users are labeled pro-Prabowo if they have a valence score <0.2, while pro-Joko Widodo if a valence 
score> 0.2. 
 
Figure S1: Political hashtags of each candidate: (a) Joko Widodo; (b) Prabowo 
 
SI 3. Retweet network 
Table SI2 Descriptive statistics of retweet network 
Statistics Retweet network Giant component 
# of nodes 558801 542243 
# of edges 4372893 4372706 
Average degree 15.651 16.1282 
# componen 16397 1 
 
 
SI 4. The accuracy of label propagation algorithm 
The k-stratified cross (5-fold) validation model is implemented to validate the results of the label 
propagation algorithms.  We use 4/5 of the total seed nodes as training data and evaluate the 
performance of the algorithm in the remaining 1/5 sections.  
Table SI3 Precision & recall scores for the label propagation algorithm 
Precision Recall Accuracy 
0.984853 0.985031 0.984955 
 
SI 4. Media Classification  
We group media scores into 5 groups, as follows: 
 
 
where 𝑆(𝑣) < 0  means pro prabowo, 𝑆(𝑣) > 0 means pro Joko Widodo and 𝑆(𝑣) = 0  means media 𝑣  
tends to be neutral. 
 
SI 5. Indicators 
Table 4 shows the value of  within module degree z-score (zi), participation coefficient (pci), community 
membership and political alignment of each news outlet 
Table S4  News outlets indicators: political alignment  (<0: pro prabowo; >0 pro Jokowi); community membership, participation 
coefficient and within module degree z-score 






within module degree 
z-score 
portalsatu 2 0 0 -1.30453 
pembawaberita -2 0 0.316828 1.097838 
melekpolitik 2 3 0.128419 1.802476 
idntimes 1 3 0.467108 1.831165 
gzeromedia 2 3 0.235537 -0.75089 
riauonline -2 0 0.293934 1.321788 
kata -2 0 0 -1.36561 
acehsatu -2 0 0.375 -1.32489 
antaranews 1 3 0.472066 2.11806 
rakyatrukun 2 3 0.30839 -1.05213 
klikmerdeka -2 0 0.239198 -0.75484 
suaraislam 2 3 0.24716 -0.19144 
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voaindonesia 2 3 0.168038 1.515581 
islamedia -2 0 0.259644 1.199634 
prfmnews -1 3 0 -1.28164 
rmolsumsel 2 3 0.369846 1.357789 
goriau -2 0 0.416484 1.912201 
politiktoday -2 0 0.298632 0.344553 
cnbcindonesia 1 0 0.481807 1.464302 
laduni 2 3 0.169447 0.095451 
bidikdata 2 3 0 -1.22427 
haksuara -2 0 0.190131 -0.53089 
viva -2 0 0.499871 1.830765 
presidenri 2 3 0.157756 0.525794 
merdeka 0 0 0.488498 1.973278 
bantennews 2 3 0.367612 -0.1771 
beritapagi -1 3 0.112274 -0.39227 
thediplomat 2 3 0.277778 -1.22427 
kuwera 2 3 0.35124 -1.05213 
minews 2 3 0.162866 0.310622 
arrahmahnews 2 3 0.298763 -0.20579 
foreignpolicy 2 3 0 -1.28164 
gardaindonews -2 0 0.321663 0.955325 
pantau 2 3 0.384886 1.070894 
timesindonesia 2 3 0.173391 1.54427 
biografiku 2 3 0.226843 -0.14841 
kanigoro -2 0 0.35811 0.283476 
islamic-center 2 3 0.165289 0.568828 
bonepos -2 0 0.301783 -0.49017 
gosumut -2 0 0.298929 1.342147 
hajimakbul -2 0 0.312765 -0.28658 
satuindo 0 0 0.467127 -0.38837 
apahabar 2 3 0.204765 -0.09103 
nu 2 3 0.271194 -0.47834 
radartasikmalaya -2 0 0.21875 -0.95843 
globalwitness 2 3 0.304688 -0.92303 
tribunrakyat 2 3 0.375 -1.20992 
sulselekspres 2 3 0.224403 0.353657 
covesia 2 3 0.145429 1.214341 
partainasdem 2 3 0.375 -1.20992 
fakta 2 3 0.32 -0.60744 
ansorjateng 2 3 0.254195 -0.23448 
jokowibekerja 2 3 0.131415 0.023727 
itoday -2 0 0.5 -1.36561 
metrotvnews 2 3 0.153423 1.529926 
bekasimedia -2 0 0.117188 -0.7752 
kominfo 2 3 0.149014 0.654896 
jatengtoday 2 3 0.33241 -1.08082 
teropongnews 2 3 0.144361 0.898757 
prokal 2 3 0.133914 1.286065 
harianhaluan 1 3 0.362812 -1.06647 
bizlaw 0 0 0.290657 -0.81591 
detakkaltim 2 3 0.1364 0.870067 
rmoljateng 2 3 0.143457 1.085239 
 
 
 
 
 
 
 
 
 
 
 
 
